ABSTRACT: Polar shores probably represent the most dynamic and extremely disturbed environments on the globe. Nevertheless intense battles amongst sessile organisms for space are commonplace on hard substrata, mainly between fast-growing pioneer species. In this study we examined spatial interactions in encrusting species at 3 sites within each of 2 high Arctic localities, Horsundfjord (77°N) and Kongsfjord (79°N) in Spitsbergen, and 2 Antarctic localities, Signy Island (60°S) and Adelaide Island (68°S). In both polar regions 1 to 11% of encrusting fauna were involved in intraspecific interactions. Intraspecific competition was common; it usually involved just 1 or 2 pioneer species, mainly ended in tied outcomes, and most variability was at a local scale. The proportion of intraspecific encounters varied considerably at local (km) scales (19 to 99% intraspecific at different sites), reflecting an extremely patchy environment due to ice scour. Most intraspecific encounters resulted in ties (stand-offs) and again most variability was at a local scale. Many intraspecific encounters were constructive, forming large (>1 m 3 ) foliaceous colonies (termed bioconstructions) whose 3D structures can harbour rich biotas. In other colonies intraspecific competition caused crowding and accelerated ovicell production (reproductive activity). Homosyndrome (fusion) was not observed in the Arctic and was rare in the Antarctic, where its frequency differed significantly between competitor identities. We found that the likelihood of meeting conspecifics versus other species and of tied outcomes in encounters was related to the performance of species in interspecific competition: ties were most common, and homosyndrome only occurred in poor competitors. In the context of rapid Arctic and west Antarctic warming and ice-loading of nearshore waters, we predict strongly changing patterns of intraspecific competition. Indeed we suggest that decreased patchiness of intraversus interspecific competition and decreased levels of intraspecific competition should be strong indicators of increases in surface water ice-loading from ice-sheet collapses. 
INTRODUCTION
On land, population regulation through intraspecific competition has been well studied. In the marine environment, organisms also compete for their share of limiting resources: food, mates or space for access to food or mates. This is best seen in sessile organisms, for which a most valuable resource is space. Competition occurs, whereby encrusters grow into each other, and as many such organisms are calcified competition is quantifiable over small-scale time and preserved in the fossil record to allow large-scale temporal patterns to be examined (see McKinney 1995) . A most obvious starting point for investigation of pairwise competitive interactions is to quantify outcomes in time and/or space and interpret what these mean. Before this can be attempted, however, it is necessary to gauge what outcomes are possible.
Generally fights between animals that are mobile in any medium result in determinate outcomes (Wagnon et al. 1966 , Clutton-Brock et al. 1979 , i.e. one competitor 'wins' and the other 'loses'. The consequences of such outcomes depend on many factors, and in extreme cases result in death. There is, however, another possible outcome for a potential competitor, a draw or tie. Such an outcome was thought to be rare or even an artefact, but is now known to be common in certain sessile and colonial animals (Schmidt & Warner 1986 , Tanaka & Nandakumar 1994 , Bell & Barnes 2004 . In these animals, tied results can happen in a number of different ways: (1) a stand-off, whereby both animals cease fighting/growing along a common boundary; (2) mutual overgrowth, whereby each animal invades the space of the other with neither having a net gain; or (3) they undergo a degree of fusion, known as homosyndrome (Knight-Jones & Moyse 1961) , whereby the tissues of both animals become joined. On meeting conspecifics some encrusting species can grow against each other using the undersurface of opposing colonies as their substratum to form bilaminar structures. In all 3 cases, intraspecific meetings become constructive rather than competitive. This building feature of intraspecific meetings has been reported for other clonal taxa and seems to be common and ecologically important (Karlson 1999) . In this study, we investigated how common intraspecific competition is in the polar nearshore benthic communities and the frequency of various outcomes. Darwin (1859) believed that organisms of the same species should have the most similar requirements and thus the most intense levels of competition would be intraspecific. Some of the key studies of intraspecific competition for resources have been conducted in the intertidal zone (Connell 1961 , Paine 1974 , but subtidal studies have remained scant. Certain marine taxa have, however, proved particularly amenable to studies of competition (e.g. corals and bryozoans). Jackson & Buss (1975) and Buss & Jackson (1979) demonstrated the existence of 'intransitive' networks among tropical bryozoan species. Many other types of animal communities have since been found to be similarly structured, e.g. ascidians (Schmidt & Warner 1986) , corals (Chornesky 1989) and sponges (Bell & Barnes 2004) . Bryozoans have proved useful as model animals in the demonstration of large-scale patterns of competition over time (McKinney 1995) and space (Barnes 2002) . Since Knight-Jones & Moyse's (1961) work, we know more about fusion, relatedness and kin-recognition in bryozoans, although only in a few species such as Celleporella hyalina (Manríquez 1999) . In contrast we know little more about intraspecific competition, since Stebbing's (1973) study, other than that its prevalence increases from the tropics towards the poles (Barnes 2000) . Indeed, at high Antarctic and Arctic latitudes most competitive encounters in nearshore communities of encrusting organisms are intraspecific encounters involving cheilostome bryozoans (Barnes & Clarke 1998 , Barnes & Kukliński 2003 . The only previous study to have specifically addressed intraspecific competition in high-latitude seas in any taxa is the preliminary investigation of patterns of intraspecific competition amongst Spitsbergen encrusting fauna by Barnes & Kukliński (2004) (see also present Fig. 3) .
In the present study, we investigate the prevalence of intraspecific encounters and their outcomes amongst littoral and sublittoral bryozoans at Spitsbergen, Svalbard, and in the Scotia Arc and Antarctic Peninsula. We test the hypothesis that the prevalence and outcomes of bryozoan intraspecific encounters do not differ (1) within or between polar regions or (2) among species.
MATERIALS AND METHODS
Study area and species. We selected 2 study localities in each of the Arctic and Antarctic regions. Within each locality we selected 3 sites, and within each site 2 collections were made at each of 2 depths. In the Arctic, the localities were Horsunfjord (H1, H2 and H3) and Kongsfjord (K1, K2 and K3) in West Spitsbergen (Fig. 1) . The sea temperature at the time of material collection in July 2002 was 3°C (annual variation -1.8 to 4°C), and salinity varied from 33 to 34 psu (but this can drop rapidly during the June melt to > 25 psu, see Swerpel 1985 and Węs8awski et al. 1988) . The inner fjord is characterised by winter (mid-December to end of May) coverage of fast-ice (frozen sea surface) and is subject to ice scour from floating ice during summer months. The central and outer parts of the fjord are only occasionally covered with fast-ice (Węs8awski et al. 1988) . Oceanographic and seasonal aspects of Horsunfjord have been covered in more detail by Swerpel (1985) and Węs8awski et al. (1988) . Similarly, for details of biomass, biodiversity and competition on the intertidal and coastal boulders see Węs8awski et al. (1993) and Barnes & Kukliński (2003) . By far the most abundant encrusting species was the cheilostome Harmeria scutulata Busk.
In the Antarctic, the localities were Signy Island (sites = Billies, Outer Island and Robin) and Adelaide Island (sites = MacKay Point, Rothera Point and Lagoon) (Fig. 2) . The sea temperature at the time of material collection in July 2002 was 0°C (annual variation -1.8 to 2°C) and salinity was ~34 psu. All sites are typically covered by winter (May to September) fast-ice and are scoured by floating ice during summer months. The oceanography of the region has been described by Clarke et al. (1988) , whilst biomass, biodiversity and community values for intertidal and coastal boulders are given in Barnes (2000) and Barnes & Brockington (2003) . The most abundant encrusting species was the cheilostome Fenestrulina rugula Hayward & Thorpe.
Protocol. We placed 2 quadrats haphazardly at each of 2 shallow sublittoral depths (6 and 12 m depth) at each site, at each locality in the 2 study regions. From within these, 50 boulders were randomly selected. The prevalence and outcomes of all intraspecific encounters were recorded together with the identity of the species involved. Interactions were, in accordance with the established literature (Sebens 1986 , Tanaka & Nandakumar 1994 , Barnes 2002 , scored as overgrowth (i.e. a win for one of the competitors) if the loser's feeding apparatus was obscured. A tied outcome was scored when (1) mutual, but equal, overgrowth took place, (2) skeletal build-up but no overgrowth (sometimes termed a stand-off) occurred, or (3) fusion (homosyndrome), where zooids of the 2 colonies coalesced, took place. A number of features of the data were calculated: (1) the probability of encountering intraspecific spatial competition, (2) the proportion of intraspecific (relative to interspecific) interactions, (3) the proportion of intraspecific interactions resulting in tied outcomes, and (4) the proportion of intraspecific interactions which resulted in fusion (homosyndrome). For statistical analysis the results of pairwise interactions were subdivided randomly such that the outcome of any given pair of competitors would not be used in more than 1 analysis, thereby giving independence to each data set. The data were arcsine-transformed prior to analysis using fully nested ANOVA in a random effects model. We also tried a fully nested ANOVA in a more complex mixed model with region, locality and site as random effects and depth as fixed effects (more specifically, depth is a repeated-measures factor). The output from both the random and mixed models was similar in terms of which factors were significant and how much variance they explained, so we report the simpler random model output only. In analyses, each replicate sample was the base unit, so all fully nested ANOVAs were based on sample sizes of 48 (2 regions × 2 localities × 3 sites × 2 depths × 2 replicates).
The procedure for testing the statistical significance of the variance components in Table 1 These expected MS are those which would arise with no random sampling variation, but in practice they are obscured by the sampling error. On the null hypothesis of a zero variance component for depth (V D = 0) the ratio MS Depth ͞MS error has an expected value of 1. In fact, the distribution of this ratio follows an Fdistribution, with 12 and 24 df, and this is used to calculate the p-value. The same applies to testing the site variance component, except that in this case we consider the ratio MS Site ͞MS Depth . For the null hypothesis, the expected value of the ratio is equal to 1, irrespective of the value of V D . The ratios MS Locality ͞MS Site and MS Region ͞ MS Locality are then compared to test the locality and region components, respectively.
The same features of the data were calculated for a number of selected species (any that were involved in sufficient interactions) and plotted versus their performance in interspecific competition (competitive rank using data from Barnes & Clarke 1998 , Barnes 2000 , Barnes & Kukliński 2003 . Competitive rank was determined using the proportion of wins to total interactions.
RESULTS

Probability of intraspecific competition
Recruitment and (potentially) competitive meetings in our shallow Arctic and Antarctic study regions were each dominated by single species of the cheilostomes Harmeria scutulata and Fenestrulina rugula, respectively. Thus, intraspecific encounters involving colonies of these species were the most common types of meeting and comprised the typical constraint for space in our shallow polar boulder communities. The frequency of intraspecific meetings in all study areas was low (see probabilities of intraspecific competition in Table 2 ), i.e. below 12% (p ≤ 0.11) in all cases. This was not significantly different at the largest scale we studied, i.e. between the Arctic and Antarctic regions (Table 3a) , nor were there significant differences at the smallest scale (within-site) but the probability of intraspecific competition did differ with locality and depth. Intraspecific encounters were more common in some localities than others (Hornsund > Kongsfjord), and at 6 m than at 12 m depth. On comparing the levels of similarity between the suites of intraspecific competitors between localities, sites and quadrats, it was clear that localities were quite distinct in both the Arctic and Antarctic (see separation of filled versus open data points in the detrended correspondence analyses in Fig. 3 ). This technique is usually used for frequency of species but, as can be seen from Fig. 3 , can effectively discriminate between communities and scales using the frequency of different types of intraspecific encounters. 
Proportion of intraspecific competition
The proportion of encounters that were intraspecific (compared to interspecific) varied considerably within both the Arctic and Antarctic study regions. This aspect, more than any other considered in this study, illustrated just how patchy the nearshore shallow polar environment is. In West Spitsbergen, 6 m sample communities could be dominated (> 79%) by intraspecific encounters or they could constitute little more than 12% of meetings (Table 2) . Likewise, for sample communities at Signy and Adelaide Islands, the proportion of spatial encounters which were intraspecific varied from ~30 to 99%. The mean level at the 4 latitudes studied was comparatively high (Fig. 4) , but individual site values spanned almost the global range reported. Significant variability was confined to the smallest spatial scale considered here, i.e. site (Table 3b ). This massive variability at the scale of sub-kilometres provides a context to the interpretation of large global patterns (Fig. 4) and emphasises just how important sampling within latitude is.
To further elucidate the high variability in the proportion of spatial intraspecific competition, the data were examined as a function of species. The range of values found was even greater than the overall spatial range. Intraspecific encounters comprised between 5 and 84% of encounters in different Antarctic species (Table 4) although, within any one species, variability was low (low SEs). This variability between species was highly significant (ANOVA, df 9, F = 5.58, p < 0.01). Although the interactions involving most species were not with conspecifics (i.e. they were interspecific), the encounters of a few species were mostly intraspecific. The highest proportion of intraspecific competition was generally found in those species at the extremes of competitive ability, i.e. very poor competitors or (less commonly) very good competitors (Fig. 5) . This pattern was evident in both polar regions and at all 4 localities, although only at Signy Island was the highest proportion of intraspecific competition attributable to a very good competitor. Thus, pioneer species and a few of the top competitors were highly likely to meet conspecifics, whilst species with average competitive performance rarely met conspecifics.
Proportion of intraspecific competition resulting in tied outcomes
Most intraspecific competition resulted in tied outcomes (Table 2 ). However, in contrast to the proportion of competition which was intraspecific, this varied little. In Arctic Spitsbergen, values ranged from 72 to 100%, and in the Scotia Arc/Antarctic Peninsula regions, variability was just 92.8 to 100%. We did not, however, find region to be a significant factor explaining variability in the proportion of intraspecific encounters leading to tied outcomes. Only site emerged as significant in terms of influence on the levels of tied outcomes amongst the spatial scales investigated (Table 3b) .
Between sites, the range of intraspecific competition resulting in tied outcomes in whole assemblages was small. Between species, however, the range of values was high (10 to 99% in Antarctic species: Table 4); 2 features of species, their overgrowth ability (performance in interspecific competition) and potential for bilaminar 80 Table 3 . Analysis of 3 different measures of importance of intraspecific competition: (a) probability of competition occurring, (b) proportion of competitive encounters that are intraspecific rather than interspecific and (c) outcomes of competition (proportion of ties rather than wins or losses). All analyses are fully nested ANOVAs (random-effects model) with output presented in standard form. Significance is shown at < 0.05 (*) and < 0.01 (**) levels. All response data were arcsine-transformed. Summary of spatial factors influencing (a) probability of bryozoan colonies being involved in intraspecific competition, (b) proportion of bryozoans intraspecific (cf. interspecific) competition, and (c) proportion of tied outcomes in bryozoan intraspecific (cf. interspecific) competition. Note MS Site ͞MS Depth is significant (p = 0.045) (but if MS Site ͞MS error is used as denominator p = 0.21). Thus, statistical significance is due to the relatively low value of MS Depth (actually less than MS error ) foliaceous growth (growth form), were found to have strong correlations with the type of outcomes in intraspecific encounters. There was a simple linear relationship between performance in interspecific competition (wins/total encounters) and the likelihood of tied outcomes in intraspecific competition (Fig. 6) , i.e. intraspecific interactions in highly ranked species (those which won most encounters with other species) rarely resulted in tied outcomes. In contrast, intraspecific interactions within pioneer species (which were usually overgrown by any other competitor species they encountered), mostly ended up in ties (stand-offs). Species with the potential for bilaminar foliaceous growth forms, such as Arachnopusia incoata in the Antarctic or Cheilopora prealucida in the Arctic, had an alternative outcome to many intraspecific encounters. This outcome could be regarded as a tie, but we considered it an alternative outcome to either a win/loss or tie. When encrusting zooids met others, either of the same colony or other conspecifics, they grew such that the undersurface (base) of each colony grows against the other base using it as a substratum. The result was large, multiple-folded, 3D 'foliaceous' structures that were up to 2 × 1 m in size (in Antarctica; these were considerably smaller in the Arctic). This type of interaction and the form generated comprised 1 of 2 types of 'constructive' encounters, with the other involving an even closer linkage, i.e. fusion. 
Proportion of intraspecific competition resulting in homosyndrome fusion
No intraspecific encounters between different colonies resulted in fusion (homosyndome) in any of the 5 investigated Arctic species (Cribrilina annulata, Electra arctica, Harmeria scutulata, Tegella arctica, and T. retroversa). Of the 11 Antarctic species investigated, homosyndrome between colonies occurred in 3 (Fenestrulina rugula, Micropora brevissima and Microporella stenoporta: Table 4 ); in M. brevissima, however, homosyndrome occurred on just 1 occasion. Therefore, the phenomenon of homosyndrome was not common in polar regions and not present at all in Arctic species studied. In 2 Antarctic species, however, homosyndrome was the outcome of between 6 and 10% of intraspecific meetings between colonies. Given sample sizes of hundreds of interactions for each species, we would suggest on the basis of these results that, for whatever reason, homosyndrome seems to be more likely in some species than others and in one polar region than the other.
We found that colonies that had fused zooids in Fenestrulina rugula, the species for which we had most observations, displayed high reproductive investment (proportion of zooids brooding embryos). The proportion of zooids showing reproductive activity increased with increasing colony size (Fig. 7) . Compared to colonies encountering no other colonies, those involved in interspecific and intraspecific interactions had double and triple the number of zooids with ovicells in, respectively (Fig. 7) . The only colonies (< 200 zooids in size) having > 30% zooids with ovicells were those which had fused with another colony.
DISCUSSION
This study has focused on competition between encrusters of marine boulders. Coastal boulders are common habitats along rugged, ice-scraped polar coastlines and often seem denuded of fauna. However, the undersurfaces of such boulders, are often crowded by macrofauna, mainly pioneers, competing for space (Barnes 2000 , Barnes & Kukliński 2003 . Being amongst the most disturbed habitats in the world (Arntz et al. 1994 , Gutt & Pipenburg 2003 , they provide a natural end-point to concepts such as the intermediate disturbance hypothesis (Connell 1978 , Huston 1979 . Our first hypothesis concerned the prevalence and outcomes of intraspecific encounters. The spatially nested design we used to test this in West Spitsbergen and West Antarctica did show significant variance in the importance of intraspecific competition in space, but at a local rather than a regional scale.
Frequencies of intraspecific competition (Hypothesis 1)
As reported here for polar benthic habitats, in certain environments and organisms, intraspecific meetings dominate competition for space. This happens when communities and large areas of space are dominated by just a few species, such as barnacles or mussels on temperate shores (Connell 1961 , Dayton 1971 , Paine 1974 . The same can happen in the subtidal (Karlson 1983 (Karlson , 1999 , particularly at high polar latitudes where just 1 or 2 pioneer species may be highly abundant in patches (Barnes & Clarke 1998 , Barnes & Kukliński 2003 , and present study). We found that the frequency of intraspecific competition was insignificantly different between our Arctic and Antarctic study areas (Table 3a) . Similarly, we found that the proportion of competition that was intraspecific (compared to interspecific) did not differ between the northern and southern polar regions (Table 3b ). We did, however, find significant differences at smaller scales within each polar region, and important largescale patterns in intraspecific competition within each polar region. Most spatial competition on boulders is intraspecific in polar nearshore assemblages, whereas at lower latitudes it is mostly interspecific (Fig. 4) . In temperate and tropical waters the proportion of interactions that are intraspecific is approximately 30%, whereas above 60°N or 60°S it is about 60%. Given these large-scale patterns from tropics to poles, why have we found most variability in polar regions at small spatial scales?
We suggest the key factor is ice disturbance, which is typically important in polar communities (Conlan et al. 1998 , Gutt 2001 , Gutt & Pipenburg 2003 . In common with theory and results from deeper-water studies (Dayton 1990 , Gutt et al. 1996 , we suggest that ice probably affects similar assemblages in similar ways in both polar regions. Thus, encounters between pioneers differ little overall between north and south. We suspect that the significant smaller-scale effects we found within each polar region reflect the patchiness of ice scour: in places where ice has recently scoured, little colonisation occurs, interactions should be rare, and pioneers should be most abundant, so that most of the few encounters are intraspecific (Table 5 , Fig. 8a ). In moderately scoured or assemblages scoured years earlier, many species are likely to be present, so interspecific rather than intraspecific encounters should be abundant (Fig. 8b) . In rarely scoured (ice-protected) assemblages, species dominating the overgrowth monopolise space (Barnes 2002) , so intraspecific encounters between these species are abundant (Fig. 8c) . Thus, at either end of the spectrum, intraspecific interactions are the most common type, albeit of differing density, as would be expected when applying the intermediate disturbance hypothesis (Connell 1978 , Huston 1979 . The probability of intraspecific interaction occurring ranged from <1 to 11%, varying significantly with locality (within each polar region) and depth. We interpret a 1 to 11% chance of involvement in (intraspecific) spatial interactions as low. Perhaps surprisingly, given the vast bulk of work on competition between species, we could find no comparable values in the ecological literature to indicate how often competition for resources occurs in other species at other places. Competition between individuals of the same species of barnacles (for space see Connell 1961 ) and hermit crabs (for shells see Hazlett 1981 ) is highly likely. It might also seem reasonable to suppose that many species in low-latitude habitats such as coral reefs, mangroves or rain forests (Connell 1978 , Karlson 1999 are likely to experience spatial competition from conspecifics. Is there evidence for latitudinal (or longitudinal) differences in the intensity of competition? As often appears to be the case, there seems to be more discussion, theory or explanation of large-scale patterns (see Clarke 1992 , Rhode 1995 , Gray 2001 , Allen et al. 2002 than actual comparative data (but see Stehli & Wells 1971 , Roy et al. 1998 , Clarke & Lidgard 2000 , Crame 2000 .
Nature of outcomes of intraspecific competition
The outcomes of competitive encounters change with many variables, such as relatedness of competitors (Diamond 1987 , Barnes 2003 , taxonomic membership of competitors (Tanaka & Nandakumar 1994) and latitude (Barnes 2002) . We found that ties (stand-offs) were by far the most common outcome in polar intraspecific meetings. Ties accounted for > 90% in both Antarctic localities (Table 2 ), but have also been reported as very common in some temperate ascidian (Schmidt & Warner 1986) and bryozoan (Stebbing 1973) assemblages. We did not find any significant difference between the frequency of ties in the 2 polar regions (Table 3c ). Only at the scale of kilometres (site) did we find a (just) significant effect. This was probably due to different species involved at a scale where species distributions are highly patchy. At a larger scale, equivalent assemblages (shallow-water encrusting fauna) at non-polar latitudes have been found to have fewer tied outcomes (Barnes 2000) .
We found that many intraspecific encounters resulted in constructive outcomes, as has been reported in some other situations (Karlson 1980) . These included bryozoans growing against each other to become bilaminar and erect, forming large foliaceous colonies (>1 m 3 ) or bioconstructions (Cocito et al. 2000) . We found that foliaceous growth usually resulted from intraspecific interactions between bilaminar species, at both polar regions. Thus, the frequency and outcomes of intraspecific encounters are highly connected with localscale biodiversity, as these foliaceous bioconstructions may harbour tens of species in temperate (Cocito et al. 2000) and polar (D. K. A. Barnes pers. obs.) seas.
Species identity and prevalence/outcomes of intraspecific interactions (Hypothesis 2)
Our second hypothesis concerned the prevalence and outcomes of bryozoan intraspecific encounters among species. We found a strong link between the competitive nature of species and their likelihood of being involved in intra-versus interspecific competition (Fig. 5) . Pioneers (e.g. Harmeria scutulata, Fig. 8a ) were mostly involved in intraspecific interactions, as were some of the stronger overgrowth dominants (e.g. Beania erecta, Fig. 8c ). Mid-strength (mid-successional) species mainly encountered other species rather than conspecifics, suggesting assemblages to be diverse at this stage (Fig. 8b) . Clearly species in high-latitude nearshore assemblages do not have equal likelihoods of meeting other species. Furthermore, the outcomes of intraspecific competition changed considerably with the competitive nature of the species (Fig. 6) . Interactions within pioneer species mostly resulted in tied outcomes. Such outcomes were rare in intraspecific encounters between stronger overgrowth dominants, while mid-strength (mid-successional) species were intermediate -neither ties nor decided outcomes were more common. We can therefore reject our hypothesis: the identity of species has a very important influence on the outcome of even intraspecific competition. Species identity was an important factor to an entirely different outcome of intraspecific encounters, i.e. homosyndrome (fusion).
Homosyndrome
Between-colony fusion (homosyndrome) is worthy of note, as only in patterns of this did we find marked Arctic-Antarctic differences involving intraspecific competition. Fusion only occurred in 2 (on 1 occasion in a third) of 11 Antarctic species (Table 4) , and only 5 Arctic species were investigated, so we cannot claim to have found any strong basis to suggest between-polar differences. Homosyndrome is known for a few temperate bryozoans (Knight-Jones & Moyse 1961 , Craig 1994 , Manríquez 1999 , Craig & Wasson 2000 , ascidians (Sabbadin 1962) and hydroids (Grosberg et al. 1996) , and a polar bryozoan (Barnes & Clarke 1998) . As only closely related colonies are intuitively likely to fuse, any differences between the rates of a species homosyndrome may simply reflect the dispersal potential of that species. Our study species probably have in most cases lecithotrophic coronate larvae, but the duration of larval life may vary between species. Even if this were not so, but the timing of larval release differed, transport opportunities could differ substantially according to whether larvae are released into calm, winter, water under-ice or rough, summer, open-sea conditions. The fact that homosyndrome occurs commonly in the most prominent Antarctic pioneer and a virtually equivalent temperate species (Manríquez 1999 ) and yet has not been found in equivalent Arctic pioneers makes the phenonomenon worthy of closer investigation. Homosyndrome also seems to be a powerful agent for hastening the onset of sexual activity/production of larvae (Fig. 7) , probably due to stress (Hughes et al. 2003 ); yet our data (Fig. 7) indicates that reproductive activity is accelerated faster by homosyndrome than by interspecific interactions. If stress is causative, as is known in at least 1 bryozoan (Hughes et al. 2003) , it seems intuitively strange that homosyndrome should have a more severe effect than interspecific encounters -which almost certainly result in pioneers being completely overgrown (Barnes 2002 ). An alternative explanation is that the instantaneous increase in colony size caused by homosyndrome takes the colony above the size threshold for reproduction.
Signals and implications of climate warming and conclusions
Our findings suggest that polar patterns of intraspecific competition could be used as a powerful signal of the extent of biological response to polar oceanwarming and glacier collapses; yet even recently, competition on polar shores was assumed to be ecologically irrelevant, with the 'denuded' appearance of polar shores leading ecologists to conclude that space was not limiting (Connell 1985 , Roughgarden 1986 , Menge & Sutherland 1987 . Were they right? Our data show that up to 11% of bryozoan colonies experienced intraspecific competition at any one site, but typical values were considerably lower (Table 2) . Thus, intraspecific competition is common but ice scour is so frequent relative to the pace of recolonisation that shallow-water assemblages remain mostly as unimpeded pioneer species (Gutt et al. 1996 , Barnes & Clarke 1998 , Conlan et al. 1998 , Gutt 2001 , Barnes & Kukliński 2003 . Nevertheless there are 3 reasons why spatial interactions in these young assemblages are ecologically important. Firstly, assemblages can be identified at all scales on the basis of their pattern of intraspecific interactions (Fig. 3) . Secondly, the prevalence and outcomes of intraspecific competition in both polar regions demonstrably differ from patterns at other latitudes (Fig. 4) . Thirdly, and of most importance, patterns of intraspecific competition are a simple surrogate measure for marine assemblage diversity and should also be so for community responses to climate change.
The climate of the Arctic is changing rapidly, but the Arctic environment is and has been characterised by rapid changes over various scales in time (Dayton 1990 , Loeng 1991 , Quadfasel et al. 1991 . Sea-temperature rises predicted by the Hadley Centre Model 3 (Murphy & Mitchell 1995) may have major thermal implications for the functional capability of many Antarctic marine animals (Peck 1998 , Pörtner et al. 1999 , 2002a , but possibly not for those in the Arctic. However icesheet collapses due to warming should change the iceloading of waters in both regions (Doake & Vaughan 1991) and thus dramatically change the disturbance regime. If disturbance regimes do temporarily increase because there is more floating ice in the nearshore environment, we predict decreased patchiness, and increased abundance of pioneers and intraspecific competition. In the medium term (but probably within our lifetimes), with disappearing ice in the Arctic we can predict a temporary increase in patchiness, diversity and interspecific competition with decreasing levels of disturbance. However, ultimately, species like Tegella retroversa and various ascidians are likely to occupy all available space, causing diversity to decline and intraspecific competition to predominate in encrusting Arctic assemblages. Monitoring the northern polar nearshore benthos may comprise a large-scale test of the intermediate disturbance hypothesis (Connell 1978 , Huston 1979 . Measuring pairwise encounters in cryptic fauna is fairly small-scale, yet it has demonstrated that variability occurs at the scale of kilometres rather than thousands of kilometres. We suggest that measuring such interactions in the future will give powerful insight into massive but differential changes in the 2 polar regions.
